There appears to be a gap between instructional design as implemented in workflowlike e-learning systems and double loop learning: whereas the former predefines a limited set of instructional processes, the latter assumes that processes can be reflected upon and can be modified or amended by the learners. An important advantage of instructional designs implemented in workflow-like e-learning systems using modelling standards is portability of the designs. The COOPER workflow environment aims to make room for learner reflection and change to instructional processes while maintaining portability. To demonstrate the feasibility of our proposed solution we present the pedagogical scenario of the "Virtual Company" in which extensive use is made of double loop learning. In the COOPER environment learners are provided with "atomic actions" which they can use to create and revise processes "on the fly", thus enabling double-loop learning.
Introduction COOPER (Collaborative Open Environment for Project Centered Learning) [1] aims to deliver an environment for virtual teams, whose members are geographically dispersed and have different backgrounds and competencies, in which they can work and learn together on projects in which complex, ill-structured problems need to be solved. We want to achieve this through the use of an extended standards-based workflow system, that allows porting the COOPER environment (including its pedagogical scenarios) to other (educational) institutions. In this paper we focus on the implementation of the Virtual Company (VC) pedagogical scenario [2, 3] , which previously has only been implemented using non-workflow based project support tools. The COOPER environment is a web-based working and learning environment that is created with Webratio [4], a WebML [5] and Business Process Modeling Notation (BPMN) [6] tool. Like in other workflow systems, the COOPER environment is modelled in design-time while users work in run-time. To support double loop learning [7] we introduce small independent building blocks called "atomic actions". Students can use these to build, modify or re-arrange work processes in run-time.
Instructional design in e-learning systems
To support the processes of collaborative work in instructional design based e-learning systems is an important challenge. Instructional process design for e-learning systems can be approached in analogy to the design process in workflow systems. Workflow systems deal with collections of tasks organized to accomplish some business process [16] , tying processes, people and resources together in dependent process steps. In the educational domain, an influential model following this approach is IMS-LD [21]. These workflow systems seem suitable candidates for managing the modelling of collaborative processes. Workflow Management Systems (WFMS), in general, strictly separate design and execution of a workflow and they do so for good reasons: One would rather avoid users tampering with, for example, financial transaction flows. In educational environments however, this separation prevents learners from improving processes that they are involved in. As our aim is to support highly dynamic processes e.g., the solving of illstructured problems, we are challenged to model processes that can hardly be completely predefined and/or exhibit an explosive number of alternatives, thus escaping the ability to being fully modelled [8] . Consider, for example how one could support the various stages and topics of solving ill-structured problems, and the different conversational and representational demands associated with each of them, where users may switch between stages and topics they address (Van Bruggen, Boshuizen and Kirschner) [18] . A current solution to the inability to fully model a process in e.g., workflow systems or IMS-LD, is to put the current process "on hold", then defer the users to a CSCW (Computer Supported Collaborative Work) environment in which to solve the problem, and to return control to the workflow system when done [19] . This approach, however, only circumvents the actual problem of not enabling users to solve ill-structured problems inside the workflow system in run-time.
Implementing double-loop learning
The notions of single and double-loop learning originate from organizational management and learning theory [20] . Single-loop learning emphasises the detection and correction of errors within a given set of governing variables. Double-loop learning, however, also involves questioning the governing variables themselves and can result in radical changes such as the revision of systems, alterations in strategy and so on (see fig  1) . With the implementation of double loop learning principles in workflow systems, the picture becomes even more complicated, because double loop learning (DLL) entails that the (pre)defined processes should be adaptable or amendable. Unfortunately common practice in workflow design separates design-time (analysis and implementation of the process to be modelled) from run-time (the instantiation of the workflow for the actual users). Usually process changes can only be accomplished by modifying a corresponding workflow schema in design-time. However, as argued, to be able to implement double-loop learning it is important that such changes can be conducted inside the run-time environment, without causing inconsistencies and errors because of unfulfilled dependencies between process steps. [9] So, we need provide students with an environment that supports the evaluation of working and learning processes of individuals, their team and the organization [10] in which they operate. The results of these evaluations need to be fed back into the different levels of the organization, changing work processes and organization aspects. The Virtual Company educational design implements these requirements in that students have an organizational role to fulfil in the processes in the virtual company. In that role, they perform ill-structured tasks from real clients in a real, but virtualized, company in order to expand their (collective) expertise in a professional setting. In doing so, they gain expertise in the form of personal learning, team learning, organizational learning, knowledge management and the development of organizational competencies. [3, 11] The Virtual Company-design consists of several phases that students, teams and the Virtual Company go through: 0. Design the Virtual Company 1. Project development: Projects are acquired and developed 2. Project start/planning: Students apply for jobs, and state their learning goals in a personal development plan; The coach defines teams based on available projects and student preferences 3. Project execution/quality control: Based on a project work plan students perform the project in a team, but also work on personal learning goals 4. Project end/delivery of results: Project results are delivered to the customer and to the Virtual Company (as lessons learned reports) 5. Consolidation of results: The personal, team and company performance is reviewed, and, if needed, actions are defined to improve performance.
(The phases 0,1 and 5 can be removed from the Virtual Company design which leads to an environment that supports Virtual Projects that are not embedded in a company setting. Although this limits the possibilities for DLL, it still retains valuable learning opportunities for reflection and process changes on the personal and team level.
Although the Company environment is missing, the project teams still deliver lessons learned, thus enabling the educational institution to fine-tune the educational environment the projects run in.)
In the Virtual Company design, we discern three double loop learning cycles: the personal development cycle, the team development cycle and the company development cycle. These development cycles are depicted in Figures 1,2 Activities depicted in figure 4 are:
1. An analysis of stakeholders needs is performed 2. A company is designed to meet those needs 3. Procedures and actions are defined that will guide performance and quality 4. Results are achieved by workers following procedures 5. Audits are organised to review the envisioned company/actions/results in relation to the stakeholders needs and performance standards For figures 2, 3 and 4 it is in the cycle of steps 2, 3, 4 and 5 that double-loop learning takes place and students can decide to adjust e.g., the personal development plan, team project plans or assessment criteria, thus leading to changes in their working and learning environment. For figure 4 , the results of activity 7 in the team development cycle (describing lessons learned) are, together with other stakeholders needs, the basis of a company audit and the subsequent improvements in company design and its actions. Please note that within a project the cycle is performed multiple times for the student and the team (as often as the project plan prescribes) while the cycle is only performed once per project on the company level.
Until now, the Virtual Company design was implemented with readily available project support tools, like document sharing environments. A major drawback of this approach is that it does not allow for automating processes: There is no system support for automatic checking whether process steps are completed; What tasks are up next for the team or the individual student, and there is no automatic logging of activities. Therefore, the student and team work processes and the progress had to be monitored by hand. In such a setting, the Virtual Company work processes were described in documents or static web pages, not automated, so each instantiation of a Virtual Company had to be designed from the bottom up [14]. We have described the phases we distinguish in the workings of a Virtual Company, how these were implemented in the past, and what we envision is required for implementing DLL in the Virtual Company educational scenario, using work flow based systems. We will now describe our implementation using the Cooper environment
The Cooper environment
The Cooper working environment is developed with the use of a model-driven development tools, using WebML (Web Modeling Language), and Webratio, a tool that assists the WebML-based visual modelling of applications. This tool is easily extensible and enables the automatic generation of code starting from the visual schemas generated during design. Up to now, WebML and Webratio could only cope with the design of static workflows [12] , i.e., processes that are specified at design-time, and are then delivered to the enrolled users by means of a Web application supporting the execution of the planned process activities. Webratio and WebML allow designers to visually specify workflows at a high level of abstraction using the BPMN notation. It also provides a set of model transformations from BPMN workflow diagrams to WebML hypertext diagrams that allow fast generation of web site skeletons implementing the specified business process [13] .
As argued earlier, static workflows cannot support the Virtual Company educational design in full, because in this design, students need to be presented with a collaboration environment that is adaptable in run-time. In fact, once the application supporting the static workflow execution is produced and deployed, it becomes difficult (or even impossible) to modify the process. Therefore, we envisioned a more flexible mechanism, to allow students to define and/or adapt their dynamic cooperation processes at run-time. First, we analyzed the project execution phase in several project methodologies for reoccurring activities. Secondly, we broke down these reoccurring activities in Atomic Actions, from which we developed an Atomic Actions library.
Atomic Actions:
1. Are performed on a regular basis 2. May involve individual or group activities and may be started by an individual or a group 3. Have a clear starting and ending point, serving a (very) small goal in the project process 4. Use one or more of the services that are integrated in the COOPER platform 5. Can easily be composed into dynamic processes supporting the completion of cooperative tasks involving several actors
The Atomic Actions library consists of atomic actions directly aimed at the process of running the project and of atomic actions that support the communication processes used to collaborate virtually. They may be seen as (very) small pieces of workflow that can be "stitched" together at will, while retaining the changeability of the so constructed process. The Atomic Actions are then modelled in the environment. This enables students, when analyzing the tasks in their project, to use these "Atomic Actions" as building blocks to model their own working and communication processes, and change these if reflection on the processes so requires.
Although our work in Cooper also involves modelling the entire company environment through the use of Webratio, our current list of atomic actions consists of actions to be used only in the project phases 3 and 4 (see above). A provisional list of these atomic actions is presented in Table 2 . In the COOPER environment a work process can be considered as a sequence of phases, in which each phase is delimited by work flow synchronization points. These points form possible constraints in the control of the process flow. The definition of a work process therefore proceeds in phases. For each phase the selection of one or more atomic actions is required (corresponding to the phase' activities). Figure 2a shows the page where a tutor in run-time defines a process by selecting an atomic action (e.g., upload of a document) for inclusion in a process phase, and describes the purpose of the activity by entering a short textual description. The activity is then assigned to the team member(s) that should accomplish it. Activities can be assigned to single users or to a group of users. In the last case, the activity definition also requires the user to specify the type of parallelism governing the execution of the parallel activity. For example, a user may choose whether all team members are asked to execute the activity, or whether at least one of them should execute it. Finally, the definition of a single activity may also require the association of resources for managing document flows, as it often occurs in cooperation processes. After a process has been defined, it is possible to revise its definition, as is shown in figure 2b , by modifying or deleting its activities or the assignment of activities to users. As long as a process is not running, any activity can be modified. Once the work process is running, modifications are only allowed on activities not yet started.
The Cooper environment also supports process templates, i.e., process models, which can be designed independent from specific project teams and specific actors. The template only defines the temporal sequence of activities and possible activity synchronization constraints, omitting the assignment of activities to users. Once defined, these templates can be used for starting new processes that only require the selection of the actors for each activity in the template. So, using process templates enables us to present students with a predefined set of templates of activities (useful for less experienced project members). If we choose not to use templates, we can offer users a "clean slate" on which to model and adapt their own processes (for students well acquainted with project work). Both options retain the flexibility to make "on the fly" changes, thus bridging the gap between ID and double loop learning.
Discussion
Instructional scenarios as implemented in work flow systems and double loop learning can be brought together using Atomic Actions. The notion of Atomic Actions is not limited to the COOPER environment alone. Research into an extension of other workflow based e-learning system, like IMS LD, may also be considered. A current limitation of our solution is that, although the use of Atomic Actions in process design offers students flexibility, not all dependencies between process steps are resolved. Further analysis of these dependencies and ways to avoid them is required. A broader list of Atomic Actions and the modelling of other educational scenarios in the Cooper environment are also subject to further research.
